The Fluids Integrated Rack (FIR) is a modular, multi-
Introduction
The FCF/FIR systems are being designed to maximize the amount of science that can be done on-orbit.
Experiments will be designed and operated to efficiently progress through the test matricies.
This will be through a combination of highly automated systems, on-orbit physical component change-outs or processing by the crew, and software updates via ground This is a preprint or reprint of a paper intended for presentation at a conference. Because changes may be made before formal publication, this is made available with the understanding that it will no} be cited or reproduced without the permission of the author. commanding or by the crew. Another key feature that is carefully coordinated will be the on-orbit storage and downlinking of image data. and attach hardware to the optics bench without using tools.
The optics bench is designed so it can be translated out In the un-powered mode, the rack doors can be opened and the optics bench translated forward.
Fully translated out, the front surface of the bench will extend past the front of the rack slightly into the aisle way of the cabin providing easy access to the front of the bench. The bench can be rotated forwarded ninety degrees providing access to the back of the bench for procedures such as replacing FIR hardware on the back of the bench or routing a fiber optic cable from the light sources on the back of the bench to payload hardware on the front of the bench.
Environmental Subsystem The environmental subsystem will utilize air and water to remove heat generated by the FIR and payload hardware.
Air will be circulated throughout the rack and will be cooled by the Air Thermal Control Unit (ATCU), an air-water heat exchanger located in the top of the rack. The design point for the air-cooling system is 1650 W at 220 cubic feet per minute, however, the system can operate at other heat loads and air flow 
Gas Interface Subsystem
The FIR will provide payloads with access to the ISS gaseous nitrogen and vacuum systems through the Gas Interface Panel (GIP) located on the left side of the rack. System (VRS). The VES has a higher throughput then the VRS and is intended for pulling a chamber or system from pressures up to 276 kPa down to a vacuum (0.13 Pa). The VRS can be used to hold a chamber or system at a vacuum (0.13 Pa).
Payloads will be able to access the ISS vacuum systems through the FIR provided quick disconnects located in the GIP.
Electrical Subsystem
The Electrical Power Control Unit (EPCU) is the heart of the electrical subsystem.
All power from ISS will flow through the EPCU. The EPCU will provide power management and control functions, as well as fault protection.
The EPCU will take 120 VDC from ISS power bus to provide six 120 VDC 4 A and forty-eight 28 VDC 4 A fault protected circuits to the FIR and payload hardware.
Payload hardware will have access to three of the 120 VDC circuits through connectors located near the left front rack post and six of the 28 VDC circuits at the PI power/data connectors, shown in Figure 6 , on the optics bench.
Command and Data Management Subsystem
The FIR Command and Data Management subsystem (CDMS) provides command and data handling for both facility and payload hardware.
The The FIR cameras will offer color and black and white imaging.
These cameras will be capable of frame rates up to 32,000 frames per second. Lenses for these cameras will provide for macroscopic imaging. The FIR will provide two illumination sources, 532 nm Nd:YAG laser and a white light source for use with the FIR or payload cameras.
The FIR color camera is a 24 bit, 3-chip Charged Coupled Device (CCD) analog color camera. The camera has a one-third inch array with a pixel density of 768 pixels x 484 pixels. The camera's frame rate is settable up to 30 frames per second (fps) and shutter speed is settable from 1/60 of a second down to 1/10,000 of a second. In auto shutter mode, shutter speeds down to 1/50,000 th of a second can be achieved.
The color camera will be controlled by the FSAP over the CAN bus. Images from the color camera will be sent to the FSAP via a RS-170A signal for storage. The color camera has a small remote head, 32 mm (W) x 40 mm (H) x 40 mm (D), to facilitate camera integration in congested areas. The color camera utilizes a standard C-mount for lenses.
Due to the size of the camera it will not have any mechanical attachment points other then to the lens therefore the camera can be physically mounted or secured through the lens.
The FIR high resolution digital black and white camera package is capable of, at a minimum, imaging 30 fps of h a 1024 pixel x 1024 pixel image with a dynamic range of 12 bits. Through binning, frame rates up to 110 fps can be achieved. The high resolution camera has settable frame rates and shutter speeds. The high resolution camera will be controlled by the IPSU through the CAN bus.
The high resolution camera package converts the digital images so they can be sent to the IPSU, via fiber, for storage and processing as required.
The camera will utilize a four tab quick disconnect mount that will allow easy change out of a lens. The camera may be mounted to the FIR optics bench or integrated into payload hardware.
To meet higher frame rate requirements, the FIR will be providing a digital black and white Ultra High Frame Rate (UItFR) camera capable of recording 1000 fps at a minimum pixel density of 512 pixels x 512 pixels, 8 bits/pixel; and 32,000 fps at a minimum pixel density of 128 pixels by 32 pixels, 8 bits/pixel. Electronic shuttering will allow exposure times, independent of the frame rate, down to 10 microseconds.
While images are being recorded they will be stored in memory onboard the camera.
Once the camera memory is full the images will be transferred to the IPSU via an IEEE-1394 interface. The camera will be controlled by the IPSU via the IEEE-1394 interface. The camera will utilize a 4 tab quick disconnect mount that will allow easy change out of a lens. The camera may be mounted to the FIR optics bench or integrated into payload hardware.
Two macroscopic lenses will be provided for the FIR cameras.
Both lenses will have motorized focus and zoom features. One lens will be designed to work with the high resolution and ultra high frame rate cameras. This lens will utilize a four tab quick disconnect mount. The lens will accommodate field of views from 14.3 mm x 14.3 mm up to 100 mm x 100 mm with at working distances of 120 mm to infinity. This lens will also have a motorized aperture. The color camera lens will mount to the color camera using a standard Cmount. The lens will accommodate field of views from 2.4 mm x 1.5 mm up to 67 mm x 43 mm at working distances from 92 mm up to 356 mm.
The FIR white light package, Figure 7 , will be located on the back of the FIR optics bench. The package will be controlled by the FSAP through the CAN bus. The package consists of two 50 W metal halide bulbs subassemblies. Each subassembly has a fiber optic quick disconnect for attachment of a fiber bundle.
Adjusting an aperture knob located on a subassembly will vary the light intensity delivered through the fiber bundle attached to that subassembly.
While the FIR is providing a fiber bundle with a lens attachment, payloads can provide a specialized fiber bundle such as a bundle incorporating a light panel or ring light. Fibers will be routed to the front of the optics bench The FIR 532 nm Nd:YAG laser package will be located on the back of the FIR optics bench. The package will be controlled by the FSAP through the CAN bus. When using the laser, a fiber optic cable from the laser will be routed from the back of the bench, through the fiber feed through, to payload hardware on the front of the optics bench. A quick disconnect at the end of the fiber optic cable allows for easy hookup to payload hardware.
The laser is capable of providing a minimum power of 100 mW to the payload out of the FIR provided fiber optic cable. The laser output power can be varied from 0 to 100% of the maximum power. A tap coupler located at the output of laser will measure laser power delivered to the payload.
Typical Diagnostic Techniques
Supported By FIR In general, the diagnostic packages provided by the FIR will have to be augmented by PI supplied hardware in order to meet unique science requirements. Examples of such latter type of hardware would include beam shaping optics, beam splitters, and specialized light sources.
The diagnostics required for the FIR experiments mentioned above are described below. Examples of data output for selected diagnostics are also given.
Video microscopy This basic capability will be used in the LMM by the PHASE-2, PCS and L_CA experiments to observe colloidal structures and dynamics through the various modes and magnifications levels. The nucleation and growth morphology of the evolving crystals will be studied.
There are two modes of illumination and visualization: the epi-illumination and transillumination modes.
The former uses light that is reflected off the sample; whereas the latter mode transmits light through the sample from below. There are various types of video microscopy that all use the trans-illumination technique: bright and dark field, phase contrast, and DIC. Facility supplied light sources and cameras will be used by LMM to support video microscopy.
In addition, image data can be subjected to computer image analysis in the IPSU.
Confocal microscopy Confocal microscopy is required for PHASE-2, PCS-2 and L_CA. Confocal microscopy will be implemented by LMM using a 532 nm frequency-doubled Nd:YAG laser, a confocal scanner, and a 12-bit digital CCD camera. The laser will be the FIR laser. This method uses a spinning array of apertures and lenses to individually map regions of the sample onto the CCD array. The rotational speed of the scanner will allow 30 frames per second of confocal images to the CCD camera.
The crystal three-dimensional structure is reconstructed by assembling the slices with an image analysis program, from which colloidal growth, structure, and dynamics can be measured. These images will be stored in the facility IPSU for later downlinking or archival on the IOP hard dives. Figure 8 The incident light is then sent to a splitter, and the light intensity is measured through the sample (photo diode). A ratio of the relative intensities of the incident light and the light that passes through the sample is made. This ratio is studied as a function of the angle of incidence as well and wavelength.
The band structure of the photonic crystals is thus determined. In implementing spectrophotometry LMM will be providing the photo diodes and utilizing the FIR 532 nm Nd:YAG laser.
Laser tweezers
Laser tweezers are required by PHASE-2, PCS-2 and
L_CA.
A laser tweezer is a device for trapping of a colloidal particle using radiation pressure by focusing a laser beam through a high-numerical aperture lens. This diagnostic will be employed to support rheological type measurements; such as displacing particles from their equilibrium positions.
Laser tweezers also will be used to measure the viscosity of the fluid (e.g., a particle is trapped and video images taken as it is translated in an oscillatory fashion through the field of view).
The capability will be implemented by LMM using a custom-built system based upon a 1064 nm Nd:YAG laser, beam focusing optics, and two acoustooptic deflectors to steer the trap within the field of view of the microscope. 
Video imaging / Macro-viewing
Many, if not all, experiments will be using the basic video imaging capabilities of the FIR. The cameras and attached lenses will be used along with the appropriate light sources to image various phenomena.
In the macro lens mode, fields of view on the order of 2 through 10 mm are accommodated. Shown in Figure 11 are images of a binary mixture of particles for the ggSEG experiment, moving at relatively high speeds, taken using a high frame rate camera. Through post processing the particle trajectories can be determined as shown in Figure 11 .
One challenging aspect for this diagnostic is that the high image data flows cannot be accommodated by an IPSU.
They must be stored in the camera memory; then, downloaded to the IPSU post test. The camera memory will limit the length of time the test can run; and the download rates to the IPSU limit the turnaround times. These limitations will affect the test matrices that can be accommodated.
PIV techniques PIV will be used by gSCALE. These diagnostics are typically used to measure velocity fields. The fluids are seeded with small particles that reflect light from a laser light sheet. A PIV image is shown in Figure 12 .
Light sheet optics will have to be provided by the payload; whereas facility cameras and lasers can typically meet the illumination requirements.
On-Orbit Operation_s
After the initial installation and checkout of the FIR, Periodic recalibration may be necessary for certain FIR diagnostics and optics. The white light package is one example of a package that will require periodic calibration.
The intensity of the white light will change over time requiring the intensity at the various aperture settings to be periodically checked.
On-orbit payload operations begin by initially configuring the FIR for a specific payload. The optics bench can be translated out and any FIR diagnostic hardware not required for a payload can be removed and stowed.
Next the payload hardware can be removed from stowage and installed on the front of the optics bench.
Rotating the bench forward will allow inner-connecting cables, such as fiber optic cables, from the back to the front of the bench to be run. Once thepayload hardware is installed andall cables and hoses have been runthebench canbeslidback intothe rackandtherackdoors canbeclosed. Once thedoors areclosed theFIRcanbepowered up.
Dueto limitedcrewtime,mostof the powered up payloadoperations will be conducted from the Telescience Support Center(TSC)at the Glenn Research Center. A ground team made upof boththe FIR andpayload teamswill operate the FIR and payload hardware fromtheTSC.These teams will be ableto monitor thehealth andstatus of theFIRand payload hardware, issue commands andreview datain near realtime andpost test. Once testing is completed thepayload hardware will beremoved andstowed until it canbereturned toearth.
Summary
The FIR will provide common laboratory diagnostic hardware, in a flexible environment, in order to accommodate a variety of fluid physics experiments. The optics bench will allow for precision mounting of diagnostic hardware.
In addition to providing a suite of diagnostic tools for use by the payloads, the FIR's flexible interfaces will allow payloads to utilize experiment unique diagnostic hardware.
The FIR's avionics provides a customizable control and data acquisition system. The FIR avionics can be augmented by payload unique data acquisition and control hardware.
For experiment control, the system will allow payload specific software to be uploaded providing the unique control algorithms required to operate the FIR and payload hardware.
The design of the FIR minimizes the use of the crew. The use of ORU's in the design of the FIR will allow for easy maintenance and upgrades of the FIR hardware.
The translating optics bench and quick disconnect interfaces allow for easy installation and removal of FIR and payload hardware.
Once the FIR is configured for a particular payload and the payload hardware is installed the FIR will be operated from the ground requiring the crew only for sample change out and troubleshooting.
